A screening of putative killer yeast strains showed that spore-forming ascomycetous yeasts of the genera Pichia and Williopsis displayed the broadest range of activity against sensitive strains of Candid0 spp. and Sacchammyces cerewisiae. Williopsis mrakii (NCYC 500) showed extensive antiCandida activity against strains isolated from clinical specimens. W. mrakii killer factor was produced in minimal media as a function of growth and its activity reached constant levels as cells entered stationary phase. The proteinaceous killer toxin was found to be unstable outwith a specific range of temperature and pH (above 30 "C and pH 49), and further analysis showed that the active toxin molecule was an acidic polypeptide with a relative molecular mass between 1+59 kDa. A t critical concentrations the killer factor exerted a greater effect on stationary phase cells of Candida than cells from an exponential phase of growth. A t low concentrations, the killer toxin produced a fungistatic effect on sensitive yeasts but at higher concentrations there was evidence to suggest that membrane damage accounted for the zymocidal effects of the killer factor. The cidal nature of the toxin was reflected in a rapid decrease in sensitive cell viability. Findings presented suggest that W. mrakii killer toxin has potential as a novel antimycotic agent in combatting medically important strains of Candide.
INTRODUCTION
' Killer ' character was first observed in laboratory strains of Saccbaromyces cerevisiae by Makower & Bevan (1963) , who defined the yeast phenotypes: killer, sensitive and neutral. Killer yeasts are yeasts which secrete proteinaceous toxins which are lethal to sensitive strains but to which the killers themselves are immune (Woods & Bevan, 1968 ; Bussey, 1972) . There is a high frequency of killer yeasts found in laboratory stocks and collections of commercial strains (Naumova & Naumov, 1973 ; Philliskirk & Young, 1975) , but the frequency is higher still in natural habitats (Stumm et al., 1977; Starmer e t al., 1987) .
To date, killer yeasts have been reported in several genera but the most widely studied killer systems are those of S.
cerevisiae and Klyveromyces lactis, whose toxins are RNA and DNA plasmid-encoded, respectively (Bussey, 1991 ; Stark et al., 1990) . There is no evidence as yet that killer character expressed by strains of Williopsis, Picbia, Candida, Debayomyces, Cyptococcm and Torzllopsis is dependent on plasmid-encoded systems (Young & Yagui, 1978) . The genetic basis for killer character in these yeasts is, therefore, thought to be chromosomally inherited (e.g. Ashida e t al., 1983) .
A study of the mechanisms which govern the processing and secretion of yeast killer toxins and their binding and activity against sensitive cells could aid understanding of biosynthesis and secretory processes of hormones and neuropeptides in animals (Chan e t al., 1979; Sossin e t al., 1989) . The killer plasmid systems of yeasts such as S.
cerevisiae and K. lactis also have the potential to be used as cloning vectors for directing the secretion of expressed foreign polypeptides (Meinhardt et a/. , 1990 ; Dignard e t al., 1991) . Furthermore, there is considerable evidence for the killer phenomenon to be exploited in environmental biocontrol (Walker e t al., 1995) , in the fermentation industries (Young, 1982; Bortol e t al., 1986; Boone et al., 1990) and possibly in medicine (Morace e t al., 1984; . With regard to clinical applications, growth inhibition produced in sensitive strains by killer yeasts and their toxins has been proposed as a means of biotyping pathogenic Candida and Cyptococcus strains (Morace e t a/., 1984) , unrelated eukaryotes ) and bacterial isolates , to provide valuable epidemiological information concerning microbial infections in patients. Polonelli e t a/. (1 989) found quantitative differences in the sensitivity of both the yeast and mycelial form of the dimorphic fungus Sporotbrix scbenkii to a yeast killer toxin. Theoretically, this makes possible a therapeutic approach involving killer toxins or their derivatives in the treatment of systemic mycoses in which both yeast and mycelial morphologies of a fungal pathogen may be found. Although pH and temperature liability may render some yeast toxins unsuitable for administration orally or by injection (Kandel, 1988) , topical applications in the treatment of superficial lesions may be possible (Polonelli e t al., 1986 All yeasts were inoculated and subcultured monthly on Sabouraud dextrose agar (SDA) slopes at 25 O C for 48 h and then maintained at 4 OC until required. The sensitive strains were grown in Sabouraud liquid medium (SLM) and the killer strain W. mrakii NCYC 500 (designated K-500) was routinely cultured in a minimal medium, YNBGS, comprising 0.67% yeast nitrogen base without amino acids (Difco), 2 % (w/v) glucose (Ashida et al., 1983) supplemented with 0.5 YO (NH,) ,SO, and 0.25 YO MgSO, .7H,O (Hodgson, 1993) . Media development studies also involved the growth of K-500 in a complex medium comprising 1 % (w/v) yeast extract, 2 % (w/v) mycological peptone and 2 % (w/v) glucose (YEPD), and in a synthetic medium, 0.3% SLM. Cultures were incubated under static conditions at 25 "C.
Identification of clinical yeasts. Microring YT (Medical Wire
and Equipment), an in vitro diagnostic system, was used to identify the clinical yeast isolates. Each microring device was impregnated with a range of antimicrobial agents and dyes. A single colony of each isolate was removed using a sterile swab and plated on fresh SDA. A microring was placed in the centre of the plate and incubated at 37 "C for 24 h and the response and zone sizes recorded. The results allowed a six-digit code to be assigned to each isolate and these were compared to the profiles of known yeasts.
Preparation of K-500 killer toxin. Overnight seed cultures of K-500 (W. mrakii NCYC 500) were grown in YNBGS medium at 25 OC without shaking. A 10% (v/v) inoculum was used to initiate fermentations in 2 1 pot fermenters (Electrolab) which were maintained at 25 OC and agitated at 100 r.p.m., without aeration, for 48 h. After centrifugation (2750g for 10 min) culture supernatants were filtered through cellulose acetate membranes (Whatman) with 0.45 pm pore diameters. The clarified extracts, or crude toxin preparations, were freeze-dried and concentrated by reconstitution in a reduced volume of sterile YNBGS or distilled water.
Assessment of killer toxin activity
Streak-plate agar diffusion bioassay. A modification of the streak-plate assay of Stumm etal. (1977) was developed to screen for killer yeast activity. Methylene blue agar (MBA) was prepared in citrate/phosphate buffer, pH 4.5, by the addition of 2 % (w/v) bacteriological agar, 2 % (v/v) SLM and 1 % (w/v) tryptone. The mixture was heated to 100 O C prior to the addition of 0.003% methylene blue and 5 % (v/v) glycerol. Aliquots (15 ml) were cooled to 45 O C prior to inoculation with the sensitive yeast at a density of 5 x lo4 cells ml-' and plates were poured. A single colony of the presumptive killer was streaked on the agar surface and the plates incubated at 25 "C for 2-3 d. The sensitive strain grew as a background lawn and killer activity was evident as a zone of clearing surrounding the streak, which was marked by dead blue-stained colonies. Toxin activity was scored using an arbitrary visual system. Agar diffusion well bioassay. Toxin preparations were assayed according to the method of Somers & Bevan (1969) . Wells were cut in seeded MBA using a sterile borer (5 mm diameter) and agar plugs removed with a sterile scalpel. Toxin samples (50 pl) were pipetted into the wells and the plates incubated at 25 OC for 2-3 d. Subsequent zones of inhibition produced around the wells were measured to an accuracy of 1.0 mm. The killing activity of each sample was measured and defined as the mean zone of inhibition of replicate wells.
Microtitre plate assay. Aliquots (100 pl) of SLM, seeded with 1 x lo5 cells ml-' of the sensitive strain, were pipetted into microtitre wells and 100 p1 control solution, or the appropriate dilution of toxin, was added and mixed using the pipette tip. The wells were incubated at 30 OC for 18-20 h after which the OD,,, was measured using an automatic plate reader (Titertek Multi-Scanner, Flow Laboratories). Toxin activity was expressed as the percentage reduction in growth of the sensitive strain with respect to a toxin-free control.
Membrane damage assay. A sensitive strain of C. albicans (2005E) was grown overnight at 30 OC in 50 ml glucose nutrient broth (GNB), comprising 2 % (w/v) glucose and 1.3% (w/v) nutrient broth. A 3 ml sample of cells was transferred to 50 ml fresh GNB and incubated, with shaking, at 30 OC until midexponential phase was reached. Cells were harvested by centrifugation (2750 g for 2 min) and washed with 10 ml buffer S, comprising 100 mM sodium phosphate and 2 % glucose, pH 6-0. The pellet was resuspended in 5 ml buffer S and the suspension was incubated at 30 OC for 30 min prior to addition of 100 p1 2-amin0['~C]isobutyric acid (Sigma). After a further incubation of 30 min the cells were harvested (2750 g for 1 min), washed twice in buffer S containing 5 mg sodium azide ml-' and resuspended in 5 ml of the same buffer. The cell suspension (25 pl) was added to microtitre wells with 100 p1 toxin, or control solution. The plate was incubated for 60 min at 30 "C in a Dynatech shaker before cells were harvested onto filter mats (Skatron Instruments) using a Skatron harvester (Model 11055 Micro96) and counted on a betaplate 1205 scintillation counter. Toxin activity was expressed as the percentage membrane damage produced in the sensitive strain according to the following equation : membrane damage (YO) = 100 -sample count/control count x 100 % Temperature stability of K-500 killer toxin. Samples of killer toxin (concentrated 20-fold) were incubated at a range of temperatures: 4, 18, 25, 30, 37, 50, 70 and 100 OC. At specific intervals aliquots (100 pl) were removed and assayed for toxin Anti-Candida activity of a toxin from W. mrakii activity against a sensitive strain, Candida glabrata (NCYC 388, designated S-388), using a microtitre plate assay. pH stability of K-500 killer toxin. Concentrated toxin was diluted in 0.1 M citrate/phosphate buffer at a range of pH values with the resultant pH measured using a micro-electrode (BDH glass +electrode). The solutions were incubated at 18 O C for a period of 18 h and the toxin activity remaining was measured against S-388 using a microtitre plate assay. The percentage reduction in growth of the indicator strain was assessed in each case with respect to toxin-free buffer controls of equivalent pH.
Analysis of K-500 killer toxin using gel-filtration chromatography. A G-25 Sephadex column (700ml bed volume) was washed and equilibrated with distilled water for 1 h. Freezedried culture supernatants were reconstituted at a concentration of 276 mg ml-' in distilled water and filter sterilized through 0.22 pm pore-size syringe filters. Samples (10 ml) of the filtrate were added to the column, which was eluted with distilled water and the protein profile of the eluted fractions (5 m1) measured at 280 nm. Toxin activity was measured against the indicator strain S-388 using a microtitre plate assay.
Effect of K-500 killer toxin on growth kinetics in sensitive yeast. The effect of crude (unconcentrated) culture supernatants on the growth profiles of three strains of C. albicans, 2005E, C316 and 2402E, was recorded. Increasing volumes of toxin (10-100 p1) were made up to 100 pl with sterile distilled water and added to an equal volume of SLM seeded with 1 x lo5 cells ml-' of the sensitive strains in the wells of a microtitre plate. The plate was placed in an automatic spectrophotometer which monitored the cell growth (450 nm) in each well at 15 min intervals over a 24 h period. The plate was mixed prior to growth measurements. Information was collated in situ to produce a growth curve for each individual well. Effect of K-500 killer toxin on sensitive cell viability. The effect of K-500 killer factor on sensitive cell viability was assessed using the method of de la Pena et al. (1980) . Midexponential-phase cells of S-388 were harvested by centrifugation and resuspended at a density of 3 x lo7 cells ml-' in a concentrated toxin solution. Over a period of 64 h at 18 OC, samples were removed and the number of viable cells determined by colony-forming activity on SDA plates following a lo5 dilution of the cell suspensions. The percentage of viable cells remaining in the suspension was measured by comparison with c.f.u. from a toxin-free control. Toxin binding to sensitive cells was assessed by measurement of the killer activity remaining in the supernatant after removal of cells by centrifugation (1 1600 g for 2 min). The degree of toxin binding was expressed as a percentage of the initial killer activity in the preparation.
RESULTS AND DISCUSSION

Determination of killer character
An investigation was conducted to identify important killer strains among certain yeast species, including the spore-forming ascomycetes (Picbia, Scbixosaccbaromyces, Saccbaromyces, Klyveromyces, Williopsis and Debar_yomyces) and the asporogenous yeasts (Candida and Pba@a). The potential killers were tested against several strains of S.
cerevisiae (Philliskirk & Young, 1975 ; Pfeiffer & Radler, 1982) , C. glabrata (Young & Yagui, 1978) and against clinical isolates of Candida from vaginal swabs. Twenty-one killers were found among the 24 strains tested and Table 1 highlights several of the killer-sensitive relationships observed. Significantly, the killer trait appeared to be non-specific to any one particular genus or species with killer yeasts being found in six of the eight genera tested. Strains of the genera Picbia and Williopsis showed a broad range of activity against all the indicator strains. A high incidence of killer yeasts in these genera (formerly taxonomically defied as Hansenda, Kreger van Rij, 1984 ; Kurtzman, 1984) has previously been reported (Philliskirk & Young, 1975; Kazantseva & Zimina, 1989; Michalcakova et al., 1993) . It was apparent that not all strains of the same species produced the same patterns of activity and such diversity of action suggests that the toxins produced by each may be biochemically distinct from one another. Alternatively, it may be possible that multiple toxins are produced by a single yeast strain in response to being challenged by different sensitive strains (O'Leary, 1988) . S. cerevisiae yeasts showed signs of interspecific killing but a weak response against Candida strains was observed. None of the sensitive strains tested were completely resistant to all of the killer strains; however, a vaginal yeast isolate, 214085, showed least susceptibility to their action. The selection of the putative sensitive strains holds great significance for the identification of killer activity. An increase in the number used, and representatives of different species and genera, would undoubtedly lead to a variation in the killersensitive relationship seen. W. mrakii K-500 consistently showed the strongest interstrain lethality and most extensive anti-Candida activity. As a consequence this killer yeast was selected to further investigate toxin production and toxin action against sensitive yeast strains.
Anti-Candida activity of W. mrakii K-500
Clinical isolates of Candida were used to further assess the potential of W. mrakii K-500 and its killer toxin as antifungal agents against pathogenic yeast strains. An initial screening of the activity of the K-500 killer yeast against a small number of isolates, from vaginal and nasal swabs, lung and tracheal aspirates and from blood, suggested a possible relationship between the sensitivity of the isolates and their physiological niche. Microtitre assays (Hodgson, 1993) revealed that the toxin was more active against the lung and tracheal aspirates (45-70 YO reduction in growth) than nasal, blood and vaginal isolates (10-25 % reduction in growth). This implied an inherent genetic variation and adaptation amongst the opportunistic pathogenic flora found in the body. A more extensive screening was performed to investigate this hypothesis further. The response of 51 clinical yeast isolates to the action of K-500 killer toxin in microtitre bioassays is summarized in Table 2 . The results confirmed that the majority of the vaginal isolates were relatively resistant to toxin action, 11 of the 17 showing less than 33% reduction in their growth. All lung and tracheal isolates tested, however, were susceptible to the killer factor displaying sensitivity in a range of 34-66 YO reduction in growth. Agar diffusion well bioassays confirmed these findings and the results further e,mphasized that no isolate was completely resistant to toxin action. The response of sputum isolates was less pronounced and broad range of sensitivity to the $ These isolates were previously identified as C. pseudotropicalis and C. parapsilosis.
killer factor was observed in both assays. Oral isolates (from throat and mouth swabs) and two isolates from blood, previously identified as Candida pset/dotropicalis and Candida parapsilosis, displayed a weak sensitivity to K-500 toxin with only two specimens showing a greater than 50% reduction in growth. Single isolates from oesophageal, ear and urethral swabs, abdominal drain sites and urine were available for assay and the results from the microtitre assay closely paralleled those from the agar well bioassay. Similiar patterns of sensitivity were apparent between the initial and expanded screens, but with an increase in the number of isolates tested, the relationship between their susceptibility and physiological niche became less pronounced. It was thought possible that the Anti-Candida activity of a toxin from W. mrakii sensitivity of isolates to toxin action was a species-specific phenomenon. The cultures obtained from a local hospital were classified only as belonging to the genus Candida, with the exception of those isolated from blood, which were identified as C. psezidotropicalis and C. parapsiL0si.r. Seventy-four percent of the clinical samples were subsequently identified using a commercial diagnostic kit (Microring YT) and of these 86% were found to be strains of C. albicans. Therefore, a differential sensitivity to the action of K-500 killer toxin was found among isolates of the same species, some strains being resistant to toxin action whereas growth of others was completely inhibited. Grouping of the isolates with respect to their response to K-500 could therefore be used to biotype clinical samples of Candida, as previously reported by Polonelli e t al.
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K-500 killer yeast growth and toxin production
The production of toxin by the killer yeast K-500 in complex (YEPD), synthetic (SLM) and a minimal medium (YNBGS) was compared. Each medium supported the growth of the killer yeast and accumulation of the killer factor in the extracellular medium followed cell growth (Fig. 1 ). The measured killing activity increased with cell titre during the exponential phase of growth and levelled off as cells reached their stationary phase. W. mrakii has simple nutritional requirements (Barnett et al., 1983) , so good cell growth in the chemically defined medium was not unexpected. The presence of magnesium sulphate in the medium was thought to potentiate toxin production (Ohta e t al., 1984) although this effect may have been secondary to improved cell growth and biomass accumulation. Ammonium sulphate was added in an attempt to stimulate protein synthesis by promotion of glutamic acid availability as a basic intermediate of amino acid precursors (Grafe, 1982) and to stabilize any killer factor produced (Ouchi e t al., 1978) . The use of a minimal medium in the absence of extraneous polypeptides for toxin production was preferred because it would potentially yield material with a high specific activity and would, therefore, allow an integration of fermentation with downstream purification of K-500 toxin. The minimal medium YNBGS was, therefore, selected as the growth medium for further studies, despite a slight reduction in toxin activity in comparison to that detected in cell-free extracts from cultures grown in YEPD.
To facilitate the production of workable titres of active killer factor under static culture conditions it was necessary to grow the yeast over extended periods of time. In an attempt to reduce fermentation times a study was conducted to investigate the effect of agitation and oxygenation on toxin production and activity. The results of this study demonstrated that W. mrakii K-500 was 'microaerophilic ' in its oxygen requirements and gentle agitation of the culture created sufficient oxygen transfer for growth and secretion of the killer factor into the extracellular medium. Static, anaerobic fermentations supported cell growth of K-500, although there was a reduction in the maximum growth achieved and an increase in mean generation time of cells in exponential phase (to 10.4 h). The activity of the killer factor produced was also reduced. Direct aeration of the culture resulted in shortened mean generation times (40 h) but there was a reduction in the final cell numbers as stationary phase was reached. The maximum toxin activity achieved was only 50 % of that in the agitated systems and as fermentation progressed toxin activity was lost. These observations could not be explained by a reduction in cell biomass alone, but suggested that the killer factor of K-500 became unstable in the presence of high levels of oxygen. Oxidation of amino acids in the primary structure of the protein may have led to aberrations in the folding and tertiary structure of the toxin, or an increase in the production of extracellular proteases caused the proteolytic breakdown of toxin molecules. In short, toxin production in the killer yeast K-500 was a growth-related response in minimal medium (YNBGS) and the killer factor was produced as cells progressed from late-exponential to early-stationary phase. Protein levels in the extracellular medium mirrored toxin production and an agitated system led to the highest titres of killer factor. Fig. 2 . Elution profile of K-500 killer toxin through a Sephadex G25 column. A crude preparation of K-500 (276 mg dry wt ml-') was eluted with distilled water and the protein profile (0) of 5 ml fractions measured at 280 nm. Toxin activity (U) was measured against C. glabrata NCYC 388 using a microtitre plate assay.
Characterization and partial purification of K-500 killer toxin
Studies were conducted to characterize the killer factor of K-500 in terms of its biochemical properties and attempts were made to purify the killer factor using gel-filtration chromatography. It was found that the killer toxin was stable for up to 24 h at 4 "C; however, its inherent stability was reduced as incubation temperatures were increased. For example, over the same time period, 80% of the toxin activity remained, but this was reduced to 5 % at a temperature of 30 "C. At 37 O C toxin activity was completely lost between 7 and 24 h and the killer factor was readily inactivated at temperatures exceeding 50 "C, showing no resistance to high temperature treatment. Using a microtitre assay of toxin activity it was found that the killer toxin was stable between pH 2-4 and 4.0 over a period of 18 h. The killer toxin was, however, readily inactivated at pH values above this. A previous report by Ashida e t al. (1983) stated that the killer toxin produced by W. mrakii LKB 169 was stable to boiling at 100 "C for 3 min when maintained at pH 4.0 and was stable over the range pH 2.0-11*0. Results from this study, therefore, further distinguished K-500 killer toxin from that produced by another strain of w. mrakii, LKB 169.
A concentrated preparation of K-500 crude toxin was applied to a column of G-25 Sephadex and eluted with (Fig. 2) were pooled and concentrated 40-fold. An aliquot (75 pl) was applied to the Biogel column and eluted with distilled water. Protein content (0) was measured at 280nm and toxin activity (U) was measured against C. glabrata NCYC 388 using a microtitre plate assay.
distilled water. The elution profile and toxin activity measured in each fraction is shown in Fig. 2 . Protein fraction A, large molecular mass material eluted at the void volume, possessed no killer activity. Toxin activity was, however, detected in fractions 80-89. It did not appear to be associated directly with a protein peak, but rather the area between the eluted doublet B and C. This was explained by the fact that the absorption maximum ( A, , , ) of the active fractions was found to be 257 nm, with very little absorption at 280 nm. If the molecular mass of the active toxin molecule was small, it would not be unusual for the larger residues tryptophan and tyrosine, responsible for absorption maxima at 280 nm, to be absent, hence the reduced Amax. Proteins eluted at the void volume showed no toxin activity and the active component of the preparations was separated on the column, which suggested that the relative molecular mass, hitherto assumed to be a minimum of 10 kDa, may have been as low as 5 kDa. The active fractions from the latter separation were pooled and concentrated by freeze-drying and applied to a P2 biogel column (fractional range 1-14 kDa) to further confirm the active component of the killer toxin as a small peptide (Fig. 3) . The two protein 
Volume of toxin (pi)
peaks A and B eluted at the void volume of the column displayed killer activity, which suggested that the active component possessed a minimum molecular mass of 1.8 kDa. This is significantly smaller than for any other yeast killer toxin polypeptide previously reported. The K1 killer toxin of S. cerevisiae has a molecular mass of 20 kDa (Zhu e t al., 1987) , the glycoprotein toxin of P. anomala, 83 kDa (Sawant e t al., 1989) , and P. klyveri, 19 kDa (Middelbeek e t al., 1979) . However, the smallest toxins to date are produced by yeast of the same genus: W. mrakii LKB 169 produces a toxin of 10.7 kDa and Williopsissattlmtls one of 9.5 kDa (Yamamoto etal., 1986a; Kimura et al., 1993) .
Mode of action of K-500 killer toxin against sensitive yeasts
The mode of action and lethal effects exerted by yeast killer toxins on sensitive cells have been investigated for only a few toxins. Notably, the K1 killer toxin of S. cerevisiae is characterized by leakage of K+ and ATP and disruption of macromolecular synthesis (Bussey & Sherman, 1973; Skipper & Bussey, 1977) whilst the K. lactis toxin is thought to arrest cell proliferation in the G1 phase of the cell cycle (White et al., 1989) . Previous studies with W. mrakii LKB 169 suggested that this killer yeast produced a toxic protein which preferentially inhibited (1,3)-/?-glucan synthesis (Yamamoto e t al., 1986b) .
Contrary to several reports on other killer yeasts (Woods, 1966; Pietras & Bruenn, 1976; Tipper & Bostian, 1984) , the killer toxin of K-500 was found to be more active against stationary phase cells than cells in an exponential phase of growth. If the killer factor, in common with other killer yeasts, acted at the level of the cell envelope it is possible that fewer receptors were available for interaction with toxin molecules in immature exponential cells, or that receptors had less affinity for the toxin during active growth. The effect of K-500 killer toxin on the growth kinetics of several strains of C. albicans was 
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monitored in an automated spectrophotometer over a period of 24 h. When cells were incubated with critical volumes of toxin there was a reduction, or no further increase, in the turbidity of the cultures. Fig. 4 shows the effect of increasing volumes of K-500 killer factor on Candida strain 2402E. The killer toxin maintained cells in lag phase and prevented, or inhibited, their progression into an exponential phase of growth and an increase in cell numbers. The killer factor may, like the K. lactis toxin, cause an arrest early in the cell cycle thereby preventing cells from enlarging and reaching a critical size necessary for continued growth and cell division (White et al., 1989) . From this data, it was determined that sub-critical levels of toxin resulted in a slowing of growth rates in all strains tested. However, as Fig. 5 shows, the killer factor expressed a differential killing action against each. The observed dose-response of the sensitive strains to the effects of the killer toxin supported the hypothesis that a critical number of toxin molecules were associated with, or bound to, sensitive cells to elicit a lethal or inhibitory event. The differential response between different strains of C. albicans may be a result of different numbers of receptors being available on sensitive cell walls for toxin interaction.
According to de la Pena et al. (1980) killer toxin from a strain of S. cerevisiae bound to sensitive cells immediately after addition. However, 50 % mortality resulted only after 40 min. A lag phase before the killer toxin action is exerted has previously been reported (Kotani et al., 1977 ;  Skipper 8z Bussey, 1977) ( Fig. 6 ) and that no lag period was observed. A minimal amount of toxin binding occurred within 15 min; however, this resulted in a 75 YO loss in the number of viable cells remaining. The initial response was followed by an increase (3-65 YO) in toxin binding over a 2 h period but this only produced a further 10 Yo loss in viable cells. This suggested that the toxin molecules were possibly binding to dead, as well as live cells and that the ultrastructure of the dead cells remained intact following toxin action allowing continued binding of the toxin to saturation.
The exact mechanism by which the killer toxin of K-500 exerts its lethal action on sensitive Candida strains remains unclear. However, there is some evidence to suggest that the killer toxin produced channels in -the sensitive cell promoting the loss of ions and, ultimately, leading to cell death (Hodgson, 1993) . A membrane damage assay (see Methods) demonstrated that the K-500 toxin did in fact disrupt sensitive yeast membrane permeability by causing the release of a radioactively labelled amino acid from preloaded cells (Fig. 7 ) . This suggested that K-500 killer toxin acted in a similar manner to the K1 killer toxin of S.
cerevisiae (Martinac e t a/., 1990) and the toxin of Pichia kizyveri (Kagan, 1983) . Purification of the killer factor from W. mrakii K-500 to homogeneity may allow more complete characterization of the bioactive peptide(s) thus contributing to the understanding and synthesis of a novel antifungal agent with the potential for therapy of Candida infections.
